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Fig. 1. Histological grading and SMN expression in human normal and
osteoarthritic cartilage. All samples were processed for the analysis. (A)
safranin O staining of sections from cartilage explants (representative
samples). (B) Grading of osteoarthritis severity on safranin O-stained
sections from all individual explants (normal donors: n ¼ 13; mild OA: n
¼ 14; moderate OA: n ¼ 22; severe OA: n ¼ 16). (C) SMN-speciﬁc
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THE SURVIVAL OF MOTOR NEURON (SMN) PROTEIN: A NEW FACTOR
OF THE PROGRESSION OF OSTEOARTHRITIS
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Purpose: The identiﬁcation of new components implicated in the
pathogenesis of osteoarthritis might improve our understanding of
the disease process. Here, we investigated the expression proﬁles of
the fundamental, housekeeping Survival of Motor Neuron (SMN)
protein during the course of human osteoarthritis considering the
central role of SMN in cell survival and metabolism and its
involvement in stress-associated processes.
Methods: Normal human adult articular cartilage was obtained
from unaffected knee joints of patients that underwent tumor
surgery. Osteoarthritic cartilage was obtained from the joints of
patients undergoing total knee arthroplasty. Donors and patients
were all from the Department of Orthopaedics and Orthopaedic
Surgery of the Saarland University Medical Center, Homburg, Ger-
many. The study was approved by the Ethics Committee of the
Saarland Physicians Council. All patients provided informed consent
before inclusion in the study. Research was in compliance with the
World Medical Association Declaration of Helsinki. Cartilage
explants and articular chondrocytes were prepared and isolated
immediately after collection. The severity of osteoarthritic changes
was histomorphomologically graded using the method described by
Mankin et al. The SMN expression proﬁles were assessed by
immunohistochemical, immunocytochemical, histomorphometric,
biochemical (SMN ELISA), and real-time RT-PCR (smn) analyses to
evidence any correlation with the disease progression. The effects
of key mediators of the disease (IL-1beta, TNF-apha) upon SMN
expression were also tested in cells and explants. Experimental
osteoarthritis was induced in rabbits by surgical anterior cruciate
ligament transaction to corroborate the ﬁndings in human osteo-
arthritis. All human and rabbit samples were processed for stat-
istical analyses.
Results: For the ﬁrst time, we demonstrate that the essential 38-kDa
cellular SMN protein is expressed both in human normal and osteo-
arthritic cartilage in the form of discrete bodies, as described in other
tissues. Most remarkably, we provide evidence showing signiﬁcant
increases in the SMN levels in human osteoarthritic versus normal
cartilage (Fig. 1 and 2), strongly correlating with the extent of the
disease (Fig. 2), a result corroborated by ﬁndings in vivo in a relevant
model of experimental osteoarthritis, suggesting a central, common
role of SMN between species and conﬁrming its importance during
osteoarthritis. We further show that the prominent inﬂammatory
cytokines (IL-1beta, TNF-alpha) are critical inducers of SMN
expression.
Conclusions: These ﬁndings are in marked contrast with the
reported impaired levels of SMN in spinal muscular atrophy (SMA),
a single inherited neuromuscular disorder characterized by muta-
tions in the smn gene whereas osteoarthritis is a complex disease
with multiple etiologies. As SMN has further been reported for its
anti-apoptotic activities and its inﬂuence on transcriptional and
post-transcriptional gene regulation (all processes relevant of the
pathogenesis of osteoarthritis), active work is ongoing to gain
insights into the speciﬁc roles of differential SMN cartilage
expression in osteoarthritic cartilage and to address the question
whether SMN upregulation is a protective response or is causally
involved in this disease. While the precise functions of SMN during
osteoarthritis thus remain to be elucidated, the conclusions of this
study shed light on a novel pathophysiological pathway involved in
the progression of osteoarthritis, potentially offering new targets
for therapy.immunoreactivity on histological sections from cartilage explants (rep-
resentative samples). (D) Percentages of SMN-positive cells on immuno-
histochemical sections from all individual explants. *Statistically
signiﬁcant difference between groups.
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S163Fig. 2. Correlation and biochemical analysis. (A) All individual values of
Fig. 1 (B and D) were combined to evaluate the correlation between the
two parameters. (B) Western blotting analysis (1: normal cartilage; 2:
mild OA; 3: moderate OA; 4: severe OA; representative samples). (C) SMN
concentrations in freshly isolated human normal and osteoarthritic
chondrocytes from all the samples. *Statistically signiﬁcant difference
between groups.
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INDIVIDUAL FRIZZLED RELATED PROTEINS MODULATE
CHONDROCYTE BIOLOGY AND WNT SIGNALLING IN DISTINCT WAYS
S. Thysen, F. Cailotto, F.P. Luyten, R.J. Lories. KU Leuven, Leuven, Belgium
Purpose: Wnts play an important role in cartilage development,
homeostasis and degeneration. Therefore, exploring the therapeutic
potential of factors that can modulateWnts is of great interest. Secreted
frizzled related proteins (SFRPs) were identiﬁed as secreted Wnt
antagonists. Polymorphisms in Frizzled-related protein (FRZB-SFRP3)
are associated with osteoarthritis (OA). Here, we study the role of SFRPs
and their structural domains in cartilage biology.
Methods: Surgical destabilization of the medial meniscus (DMM) was
performed on eight-week-old male Frzb-/-, Sfrp1-/- and wild-type
mice. Eight weeks after surgery, mice were sacriﬁced and histological
scores were determined for the femoral and tibial articular surfaces
following the OARSI guidelines. Chondrogenesis of ATDC5micromasses,
stably overexpressing pcDNA3.1-FRZB, -FRZB-DCRD, -FRZB-DNTN,
-SFRP1, -SFRP1- DCRD, -SFRP1-DNTN, pGIPZ-shmiRNA-Frzb or control
plasmids, was induced by culturing cells for 14 days in DMEM/F12 þ 5%
FBS, supplemented with ITS (insulin, transferrin, sodium selenite). On
day 14, cells were switched to mineralization medium (aMEMþ5%FBS,supplemented with ITS, b-glycerophosphate and ascorbic acid). mRNA
expression of chondrogenic markers (Aggrecan, Col2a1 and Col10a1)
were assessed by quantitative RT-PCR. Western blot was used to study
canonical (b-catenin) and non-canonical (CamKII) Wnt signaling.
Results: The OARSI score showed a signiﬁcant increase in cartilage
damage in DMM-operated Frzb-/- mice compared to wild-type but not
in Sfrp1-/- mice. Overexpression of Frzb in ATDC5 micromasses boosted
chondrogenesis with up-regulation of Col2a1, whereas Frzb silencing
lead to decreased chondrogenesis. These results corresponded with a
reduction or increase in the activation of canonical WNT signalling,
respectively. Wnt/CamKII signalling was not affected. SFRP1 over-
expression led to a decrease in Col2a1 transcription, but to an increase
in Col10a1 expression. These results corresponded with increased
activation of canonical WNT signalling pathway and decreased phos-
phorylation of CamKII. Domain studies for Frzb and Sfrp1 showed that
overexpression of the NTN domain increased expression of Col2a1 and
Aggrecan.
Conclusions: Different SFRPs have a strong, but distinct effect on car-
tilage. Frzb promoted early chondrogenesis through modulation of
canonical Wnt signaling. Sfrp1 reduced early chondrogenesis and
favored hypertrophy by affecting both canonical and non-canonical
Wnt signaling. Domain studies revealed that the NTN domain of SFRPs
is responsible for the positive effect on chondrogenesis.
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GSK3b INACTIVATION AFFECTS CHONDROCYTE MITOCHONDRIA
LEADING TO OXIDATIVE DNA DAMAGE, GADD45 BETA INDUCTION,
HYPERTROPHY AND CELLULAR SENESCENCE
S. Guidotti y,z, M. Minguzzi y,z, D. Platano y,z, E. Olivotto y, L. Cattini y,
A. Facchini x, F. Flamigni x, G. Trisolino k, A. Facchini y,z, R. Borzì y.
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Istituto Ortopedico Rizzoli, Bologna, Italy; zDipartimento di Scienze
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xDipartimento di Scienze Biomediche e Neuromotorie, Universita degli
Studi di Bologna, Bologna, Italy; kChirurgia Ricostruttiva dell’anca e del
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Purpose: GSK3b activity is known to be among the molecular con-
straints that prevent the improper progression of chondrocyte differ-
entiation leading to osteoarthritis. Literature evidences indicate that,
recapitulating chondrogenesis, GSK3b inactivation triggers b-catenin
signaling and increases ECM remodeling in rodents, but little is known
about other molecular events. In ﬁbroblasts, besides a cytosolic and
nuclear localization, GSK3b has also been recently described in mito-
chondria where it plays a role in the control of respiration and where its
inactivation leads to increased ROS production. It is not knownwhether
a similar mechanism is active in chondrocytes. Therefore, we here
investigated the molecular mechanisms downstream GSK3b inactiva-
tion which connect the mitochondrial events to chondrocyte functional
impairment contributing to hypertrophy and senescence.
Methods: At ﬁrst we focused on the effects of GSK3b inactivation (via
LiCl or the speciﬁc GSK3b inhibitor SB 216763) at the level of chon-
drocyte mitochondria, by mean of simultaneous confocal microscopy
time lapse analysis of mitochondrial membrane potential and reactive
oxygen species production. To this end we used Mitotracker Orange
CMTMRos, a red-ﬂuorescent dye that accumulates in mitochondria of
live cells as a function of mitochondrial membrane potential while
reactive oxygen species production was estimated by staining with the
green probe dichloroﬂuorescin diacetate.
Since unbalanced ROS production can lead to DNA damage, we also
investigated the effects of GSK3b inactivation on replicative senescence.
Log phase cultures of primary chondrocytes were established from knee
articular cartilage obtained at arthroscopy (n ¼ 8), and the cultures
were treated with 5mM LiCl kinetically at 8, 16, 24 , 48 and 72 hours. At
the purpose of dissecting various molecular intermediates (pho-
phoGSK3beta, gH2AX, GADD45b, p21) the cells were detached, counted
and used for both western blot and ﬂow cytometry, exploiting with the
latter the possibility of coupling immunodetection with cell cycle
analysis, as well as with morphological information. Complementary
analysis were senescence associated b galactosidase (SA-b Gal) activity
and PAS staining to evaluate the cellular content of glycogen which
accumulates after GSK3b inactivation and has been recently reported as
a reliable marker of senescence.
Results: Inactivation of GSK3b in chondrocytes resulted in a sudden
increase of reactive oxygen species at the level of mitochondria. In the
